). The usual culprits for firm exits are size, age, innovations (Audretsch, 1994; Dunne et al., 1988) , market structure and efficiency (Foster et al., 1998 (Foster et al., , 2002 Kletzer, 1998) . Few authors explicitly link the micro-level movement of workers with death and downsizing at either the plant or firm level. Notable exceptions are Abowd et al. (1999a) , Lengermann and Vilhuber (2002) , and (Carneiro and Portugal, 2003) , which we will describe shortly.
Mass layoffs are not only the result of firm or plant closures: in our dataset, 55 percent of firms that have one displacement event between 1993 and 1996 are still alive in 1997. Conversely, if the decline in size is gradual, a firm death may not result in a displacement event. Abowd et al. (1999a) have previously investigated worker and job flows for establishments with declining employment, and Lengermann and Vilhuber (2002) considered the distribution of worker skill levels in flows out of firms prior to displacement events. Both find that there are changes in such flows relative to alternate establishments (establishments with stable or increasing employment, or the same establishments in prior periods), but neither address the point specifically as a potential latent cause of displacement.
In the absence of a direct measure of worker skills, the literature has used wages as both a proxy for skills and as a cost component. Dunne and Roberts (1990) , Bernard and Jensen (2002) , and Carneiro and Portugal (2003) consider the determination of wages and the effect on plant closures (Bernard and Jensen, 2002; Dunne and Roberts, 1990) or displacement events (Carneiro and Portugal, 2003) . Dunne and Roberts (1990) find that higher-paying firms have a significant, but economically small increase in the likelihood of plant failure. One postulated explanation for this small effect is that plants with higher wages also have a more productive workforce. In contrast to Dunne and Roberts (1990) , Bernard and Jensen (2002) found that plants paying aboveaverage wages have a lower likelihood of exiting. Possibly, thus, above-average human capital is used by these firms. Our analysis directly addresses this issue, by deriving a measure of general (non-firm-specific) human capital, and using it instead of or in addition to wages.
Closest in spirit to our analyis is Carneiro and Portugal (2003) , who estimate simultaneous plant failure and wage determination equations for Portugal. Their measures of human capital are the usual right-hand side variables to a Mincerian wage equation (education, age, tenure), but they do not include a measure of the physical capital of the firm. Furthermore, plant layoff is estimated as an event at the individual level. The distribution of human capital within the firm is not taken into account.
In this paper, we correlate firm-level measures of human and physical capital (capital intensity), as well as measures of efficiency (sales per worker) with displacement events. We differ from the literature in our use of a measure of human capital, rather than a direct measure of wages, and we consider the effect of the distribution of human capital within a firm on both displacement and firm-death outcomes.
Based on methods first developed in Abowd et al. (2002b) , we estimate a measure of human capital, based on observed and unobserved worker ability. Firm-specific distributions are esti-mated, which allows us to consider the impact of differences in the use of human capital across firms on outcome variables. We identify displacements from quarterly worker flows, and merge data on firm performance and capital from Ecomomic Censuses. Firms active in our data in 1992 are classified as survivors or exiters, depending on their activity in 1997. This set of companies is then cross-classified by whether or not they have experienced a single mass layoff, or multiple displacement events.
The paper is organized as follows. Section 2 lays out the basic definitions of human capital and displacement as used in our paper. Section 3 describes the data used, and Section 4 provides results. Section 5 concludes.
Definitions
The definitions of "human capital", "economic activity," and "mass layoff" are obviously crucial for our analysis. We will define these in turn.
Defining human capital
We provide a brief overview of our approach in this section, with a more complete definition of the within-firm human capital distribution, and of human capital itself available in Abowd et al. (2002b) . Assume human capital H it has a market-return (rental rate) r t that is a function of the wage, where i indexes persons and t indexes time; w it = r t H it . Assume as well that a person specific component and a general experience component are important factors that determine the accumulation of human capital; ln H it = θ i + X it β. Using these two equations, we have the following model of earnings ln w it = ln r t + θ i + X it β
Following Abowd et al. (1999b) , but using the procedures described in Abowd et al. (2002a) , observed wage rates are then estimated as
where θ i is the person effect, ψ j is the firm effect, and X it are time-varying person characteristics, such as experience, and ijt is the statistical residual.
To compute a measure of a person's human capital, we combine the estimated person effectθ i , the remunerated experience components of person characteristics X itβ , and the reference constant δ to computeĥ
Because the fixed person effect absorbs all the usual "culprits," such as sex, education, and age at first entry, but also all factors, such as innate ability unobserved by the econometrician, h it corresponds to the concept of "general human capital."
Onceĥ it is computed, firm-level kernel density estimates are calculated, yielding a firmspecific distribution of human capital g jt (ĥ t ), and
where H and H define the support ofĥ. To obtain discrete measures, we partition [H, H] into 4 subsets, and calculate the population quartiles q * k implicitly defined by
for k = 0, 1, 2, 3, 4. For each firm, we then calculate the proportion of workers who have human capital within the ranges defined by the overall population quartile boundaries q *
These employer-level measures summarize the complete distribution of workers' human capital at the establishment. Similar measures Γ(k) are computed for the experience (X itβ ) and person fixed effect (θ) distributions within the firm.
Defining mass layoffs
In keeping with the previous literature on the impact on workers of mass layoffs (Bowlus and Vilhuber, 2002; Jacobson et al., 1993; Schoeni and Dardia, 1996) , we define a mass layoff in period t as a 30% single-period drop in employment from firm j's maximum employment level over the observed time period:
where B * jt = max t B jq over the time period that firm j is in the sample with positive employment. B jt is firm j's beginning-of-quarter employment, a point-in-time measure derived by summing over workers employed at the firm in both period t − 1 and t. S jt are worker separations from firm j, i.e., workers that worked for the firm in period t but are no longer observed on the payroll in period t + 1. Note that in our analysis, all firm deaths are classified as displacements. However, they may not involve mass layoffs. On the other hand, among survivors, some firms experienced mass layoffs, and some did not.
Due to some quirks and weaknesses in the administrative data used for this paper, a naïve use of the mass layoff equation above will overstate mass layoffs by some margin.
1 In order to reduce the impact of "spurious" events, we take particular care to exclude firms that either change identity or who continue to operate, yet fail to file a firm report.
The firm identifier underlying all of our analysis is a state-specific account number, whose primary purpose is to facilitate the collection of premiums for a state's unemployment insurance system. These account numbers can and do change for reasons such as a simple change in legal form or a merger. In our analysis, the separation of a worker from a firm is identified by a change in the firm identifier on that worker's wage records. If a firm changes account numbers, but makes no other changes, the worker would seem to have left the original firm, when in fact his employment status remains unchanged. Thus, a simple change in account numbers would lead to the observation of a mass layoff at the firm associated with the original account number.
To identify such events, we track large worker movements between firms. Benedetto et al. (2003) provide an early analysis for one particular state of such an exercise. For this paper, if we observe 80% of a firm (the predecessor) moving to a single successor, then we eliminate the displacement event. The assumption is that such a movement is associated not with a layoff, but a reorganization, a takeover, or some similar event. Similarily, if we observe that 80% of a successor's employment stems from the same predecessor, then a displacement event is also eliminated.
A second, not uncommon event observed in adminstrative data is the failure of a firm to file a timely report. In general, such an absence will trigger a follow-up by the state administration, since tax payments are linked to the report. However, for multiple reasons, the corrected or late filing by the firm may not get entered into the database transmitted to LEHD. The result is a "hole" in the firm's activity.
Holes, however, are precisely what would also be observed if a firm laid off its entire workforce for more than a quarter -a mass layoff -and hired them or other workers back later. The approach we have taken to distinguish data-related holes from true layoffs is the following. Consider the different employment path of an individual i at some firm j. Define time t to be the elapsed fraction of a quarter T , t ∈ [0, 1]. If the individual left the firm at some point 0 < t < 1, then observed earnings E iT will be E iT = e iT · t, where e iT is the quarterly wage rate for individual i. If the individual worked for the entire quarter, then observed earnings will be E iT = e i . We do not observe t, but assume that quarterly wage rate is constant (e iT = e i0 ), where 0 is some baseline period, typically a prior quarter within the same job history. Compute ∆E i = E iT /E i0 . Then ∆E i = 1 implies t = 1. On the other hand, if ∆E i < 1, then the worker left at some time t < 1. Now compute the average ∆E · for all workers within a firm j, i.e., ∆E j T = i∈J(i) ∆E iT , where J(i) is a function mapping individual i to firm j (Abowd et al., 1999b) . Now consider if ∆E j T = 1, i.e., the average ratio of earnings is equal to unity. It is unlikely that all workers leave the firm at the same time, except, of course, if a mass layoff occurs. It is, however, even more unlikely, though not impossible, that that mass layoff occurs on the last day of the quarter -which is what ∆E j T = 1 implies. Now consider further that no employment is observed at firm j in period T + 1, but positive and large employment is observed in period T + 2, with ∆E j T +2 = 1 as well. This 'hole' is very unlikely to occur under normal circumstances -it implies that all workers left the firm at the end of quarter T , and all workers started working again on the first day of quarter T + 2. It is, however, the data pattern that is to be expected when a firm neglects to file all worker records for quarter T + 1. We consider mass layoff events that are synchronous with such 'holes' to be data artifacts, not true events, and filter them out.
Data
To estimate the impact of displacement, we use data from three states, California, Illinois, and Maryland, covering the time period 1990-2003. The data used to estimate the human capital model and to identify firm displacement events is derived from the LEHD Infrastructure Files. The LEHD Infrastructure Files provide a worker's quarterly earnings history, basic demographic information, and most importantly identify a person's employer. The fact that we know the history of the firm and the employees at that firm over time allows us to estimate displacement events as well as provide a richer characterization of the employees at the firm.
The human capital estimates (Equation 2) are calculated using data from the LEHD infrastructure files for the 22 states available as of November 30, 2004 . Once the estimates have been produced, we select workers employed in California, Maryland, and Illinois during 1992 and/or 1997. In order to get a snapshot or point-in-time measure of the human capital at the firm, we further restrict our analysis to workers employed at the end of quarter 1 (a date that roughly coincides with the collection of Economic Census data). Finally, we only keep workers between the ages of 18 and 70, with earnings during the quarter of greater than $250.00.
Additional information, such as a firm's sales and capital stock is gathered from the 1992 and 1997 Economic Census'. At the time we were preparing this version, the 2002 Economic Census was not available, although we expect to use this data in a later revision. Because of our desire to incorporate information from the Economic Census', we will only directly analyze individuals and firms during the period, 1992-1997, even though the human capital estimates are calculated using data for the full time period.
Due to the dynamic nature of the U.S. economy it is difficult to differentiate "normal" flows of employment from displacements for smaller firms. For example, a firm with 10 employees that has 3 workers leave during the quarter would be classified as having a displacement under our standard definition, even though 3 workers leaving a firm in the same quarter is not a particularly unusual event. In order to focus our analysis on "large" displacement events, we limit our sample to firms that average at least 50 workers across the entire time period.
The firm-level displacement database contains indicators for all displacement events that occur during three time periods : 1992, 1993-1996, and 1997 . We select a sample of firms that were active during 1992. Firms still present in 1997 are "survivors", otherwise firms are referred to as "exiters". This sample differs from Abowd et al. (2002b) , where firms entering the sample between 1992 and 1997 were also included. We do not impose any restrictions on the incidence of displacement events during either 1992 or 1997, although the effect of this decision is worthy of further exploration. Firms are classified as to whether they experienced zero, one, or multiple displacement events in the years 1993-1996. Cross-classifying this grouping with exit status yields the six different types of firms we focus on in this paper.
Analysis
As shown in Table 1 , about 70 percent of the nearly 50 thousand firms in our sample never experience a displacement event between 1993 and 1996. On the other hand, 15 percent experience multiple displacement events over the same period, with the remaining firms experiencing a single event over the period. These groups turn out to be fairly distinct, and although for parts of our analysis, we will concentrate on the comparison between firms experiencing zero and one displacement events, multiple-displacement firms are a group that remains of interest to this research.
[ Table 1 here ] About 18 percent of firms die between 1992 and 1997 and in line with our intuition, firms experiencing a single displacement are much more likely to die, as shown by row 2 of Table 2 . In this respect, firms with multiple displacements are very similar to firms that experience no displacement at all, suggesting that most firms with multiple displacements structure the firm with the expectation that a sequence of large demand shocks will occur. In general, firms with no displacement are bigger both in terms of their workforce as well as in terms of total sales and sales per worker (when available). Capital stock per worker is also the largest, but this variable is reported for a much smaller fraction of in-sample firms with multiple displacements (4.6%) than for single-displacements (14%) and firms with no displacement (20%). This may in part be due to the very different industry distribution of such firms.
Turning to the distribution of human capital, firms with displacement events have an aboveaverage fraction of their workforce in the lower skill (θ) and human capital (h) distribution Γ(1), at the expense of the upper tail of the distribution Γ(4). This remains generally true at the lower tail for experience as well. At the upper tail, firms with a single displacement are much more similar to firms with no displacement.
[ Table 2 ] While firms with multiple displacements differ in their observable characteristics from firms in other categories, they do not seem to die as often as firms with singe displacements. In other words, they seem to be stable firms with highly volatile, possibly seasonal workforce fluctuations. Although it is worthwhile to further disentagle the correlates of the the highly volatile employment patterns, in the remainder of this paper, we will concentrate on firms with no or one displacement. Table 3 contains descriptive statistics on the workers that worked for firms active in 1992, again separately by whether firms had no, one, or multiple displacements. This table gives a slightly different perspective, by focusing on the characteristics of the average worker rather than the average firm, thus giving greater weight to relatively large firms. Two things should be noted. Not all workers were in the sample in both periods. For instance, a worker will be included in our 1997 worker sample if he or she worked for a firm in our sample, regardless if that particular worker was in-sample in 1992. Such a situation can occur because the worker worked for an outof-scope (small) firm in 1992, because the worker had not yet entered the labor market, or because the worker did not live in-state in 1992. Second, the human capital estimates do include workers not in our particular sample. Abowd et al. (2002b) provides more details on the sample selection for the estimation of the human capital components.
[ Table 3 about here ]
The exit probability for each of the three categories is roughly similar between Tables 2 and 3, although the rate does drop slightly, suggesting that larger firms may be less likely to experience a displacement event. The average size of the firm is clearly different from the firm and worker perspective. The average worker in the no displacement group works at a firm with about 7,000 employees, while the average firm in the same group has about 278 employees. However, from either perspective the size comparisons between groups are about the same, with firm size declining as the number of displacement events increases.
The sales and capital stock per worker variables show more significant changes when we move to the worker perspective. Interestingly, the average worker in a firm that experiences a single displacement has the highest productivity and capital intensity of any of the three categories. This suggests that the larger firms in the single displacement category tend to be relatively more productive and use more capital per worker than do the larger firms in the other two categories. Although the human capital variables look virtually the same, the industry distributions do change somewhat in Table 3 , with relatively more workers in retail trade for the single displacement category and relatively more workers in services for the no-displacement group.
Simple probability models
From Table 2 , it would appear that firms with a (single) displacement event are more likely to die, and have distinct observable characteristics even prior to the displacement event. To disaggregate some of the possible causes of displacement events, we specify a univariate probit model:
where DW j is equal to one when firm j experienced a displacement event in the eligible period (in this paper, between 1993 and 1997). Y j includes firm-level variables: measures of the firm's human and physical capital or capital intensity (if available), sales per worker (worker productivity), of firm structure (multi-or single-unit). Y j also includes industry characteristics of firm j, such as the concentration index or industry dummies.
[ no concentration index yet ]
We estimate equation (8) for all firms active in 1992. Table 4 presents results.For sake of brevity, we only present results for the firm performance and human capital variables. Columns (1) through (6) report results for the sample of firms with complete sales and assets information is available. This specification is similar to others in the literature (Bernard and Jensen, 2002; Carneiro and Portugal, 2003; Dunne and Roberts, 1990 ), but it is not representative of all firms in our sample.
[ Table 4 about here ] Column (1) is a simple specification that correlates sales and assets per worker to the likelihood of a displacement, conditional on industry and geography dummies. Both firm performance variables are significant. However, in Column (2), the addition of worker demographics reduces the effect of both variables. Not reported here are the coefficients on the included workforce characteristics. Firms with a predominantly male workforce, with more part-time workers, and with an older workforce are all more likely to have a displacement event. In Column (3), we replace the observable workforce characteristics with Γ(1), Γ(2), and Γ(4). Note that the only significant variable is Γ(1), a measure of how much of the workforce is in the lower tail of the skill distribution. A larger fraction of a firm's in the lower tail of the skill distribution in 1992 increases the likelihood of a displacement event in the next five years. This result remains robust to the introduction of observable workforce characteristics in Column (4). Thus, it would seem that the distribution of human capital captures a significant amount of the productivity factors that affect the incidence of mass layoffs.
However, as mentioned before, the sample of firms with complete sales and asset information is not representative of the full sample. Columns (5) and (6) test specifications that successively eliminate the sales and assets variables for the same sample as in Columns (1) and (4), and as is to be expected, given the insigificance of their coefficients, the impact on the coefficient on Γ(1) is negligible. However, when estimating specification (5) on the larger sample in Column (7) that has at least complete sales information, sales per worker again has a signficant impact on the incidence of displacement, and the effect of the lower tail of the human capital distribution is nearly halved, although still highly significant. Whether this result is due to a high degree of homogeneity in the smaller sample in the sales variable or some other factor remains to be explored.
Column (8) reports results from estimating (8) without sales or asset information. The coefficient on Γ(1) is approximately the same as in (7), and all other results on the human capital variables also carry through.
While Equation (8) focusses on the likelihood of displacement, much of the interest in the literature has been on the likelihood of firm or plant closure:
where D j is equal to one if firm j exited the market (economy) between 1993 and 1997, and the other vectors are defined as before. Table 5 reports results comparable to the previous literature, with β DW = 0, while Table 6 introduces the displacement dummy into the equation.
[ Table 5 about here ]
[ Table 6 about here ]
The specifications in Columns (1) through (8) mirror those in Table 4 , except for the change in the dependent variable. Again, introducing observable workforce characteristics reduces the impact of sales and assets, and the introduction of the human capital distribution variables is robust to the presence of observable workforce characteristics. However, the introduction of the human capital distribution reveals a positive impact of the assets variable on the death likelihood. And contrary to the displacement likelihood, not only does the lower tail of the distribution matter for outcomes, but also in the upper end. A firm with an above-average fraction of its workforce in the upper skill distribution, or a below-average fraction of its workforce in the lower tail, has a significantly lower likelihood of exiting the market in the next five years.
This result remains robust to the elimination of the assets variable in Column (5) and (6), with no significant change in the estimated parameters. However, as before, when estimating (5) on the larger sample, the estimated parameters on Γ(1) and now Γ(4), while still highly significant, are signficantly reduced in magnitude, and the sales variable again has a distinct and significant impact on the likelihood of firm death.
Introducting DW j into the regression changes little. The displacement indicator is strongly significant in all specifications and samples. Although this is to be expected based on the raw statistics from Table 2 , it is nevertheless robust to the inclusion of detailed observable characteristics of the workforce, a full set of industry, geography, and firm structure dummies, as well as the three skill distribution variable. In fact, when considering Columns (6) and (8), and given the strong correlation between displacement and Γ(1) shown in Table 4 , it is interesting to note that there is a signficant and additional effect of Γ(1) even when including DW j . Although the reduction in the level of Γ (1) between Tables 5 and 6 in Column (8) is significant, both coefficient still have a strong and positive effect. on the likelihood of firm death. Not only does a firm with an above-average fraction of its workforce in the lower skill distribution have a higher likelihood of death directly, but the lower skill level of its workforce also increases the likelihood of a mass layoff, which in turn further increases the likelihood of death.
Changes in the distribution of human capital
If displacements are a direct consequence of a drastic change in production functions, then observable changes to the distribution of human capital within firms should be expected. Whether or not the change is positive or negative would depend on the type of technological change implemented. Figure 2 plots, for each group of firms among survivors, changes in the distribution of human capitalĥ.
[ Table 7 about here ] Table 7 reports results from regressions of the human capital components on a set of dummies.representing the three groups and other control variables. We focus on the top and bottom tail separately. The first regression, which includes no further controls, shows significant differences between each group's changes. Firms experiencing either single or multiple displacement events both have a weaker reduction in the fraction of the workforce in the lowest quartile. This is robust to the inclusion of both industry and demographic controls. However, it should be noted that when disaggregating h into its component parts (θ and experience, not reported here), much of the difference between single displacement firms and non-displacing firms is driven by differences in the experience component, and less so by the θ component. For multi-displacement firms, both components are driving the differences with non-displacing firms.
A slightly different pattern emerges for the upper tail of the distributions. The results in Table 7 indicate no significant differences between firms with a single displacement event and firms with no displacements in the distribution of human capital. Firms with multiple displacements, on the other hand, are significantly different from non-displacing firms in the upper tail of the distribution as well.
In other words, the main difference between firms with a single displacement event and firms with no displacements is the distribution of experienced workers, not the distribution of unobserved abilities of its workforce, and the changes in the upper tail of the distribution are fairly similar. This is not true for firms with multiple displacements, where both components differ substantially relative to firms with no displacements.
Changes in the ratio of human capital to sales or physical capital
An alternate method of investigating changes to the production environment of the firm is to compute changes in the labor intensity, more precisely, the human-capital-to-physical-capital ratio
or the θ-to-capital ratio T KR:
In both cases, the resulting statistic, averaged across categories, can be compared across categories. Table 8 reports results.
[ Table8 about here ]
Conclusion
Several caveats still apply to this preliminary analysis. Firm or plant survival obviously depends on more variables than the ones omitted from the analysis presented in this paper. Age of the firm (Dunne et al., 2003; Dunne and Roberts, 1990; Freeman and Kleiner, 1999) , market share and measures of cost (Dunne and Roberts, 1990) , industry characteristics such as Herfindahl indexes or import penetration rates (Freeman and Kleiner, 1999) , unionization rates (Abowd, 1989; Carneiro and Portugal, 2003; Freeman and Kleiner, 1999) , all matter and are not yet included in our analysis. The effect of previous displacement events on the probability of another displacement event occurring also needs to be taken into account, simultaneously with any persistence in the productivity measures of the firm. Some, but not all of these issues, will be addressed by incorporating data from the 2002 Economic Census. Note: All regressions weighted by the number of employees with 6 < h < 14. Demographic controls are the fraction of white workers and fraction of male workers. "Other controls" include state dummies, indicators for multi-state and multi-unit firms and for firm size. N=39148. 
